ObjectiveaaChanges in serum neurosteroid levels have been reported in stress-related disorders such as anxiety and depression, but not in patients with obsessive-compulsive disorder (OCD). We thus investigated such changes in patients with OCD. MethodsaaWe compared the serum levels of progesterone, pregnanolone, dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulphate (DHEA-S), cortisol and testosterone in 30 patients with OCD and 30 healthy controls. ResultsaaWhen male and female patients were evaluated together, DHEA and cortisol levels were significantly higher in patients with OCD than the control group. When the genders were evaluated separately, DHEA and cortisol levels were higher in female patients than the female controls. The increase in DHEA levels in female patients is likely an effect of the hypothalamic-pituitary-adrenal (HPA) axis. In contrast, cortisol levels in male patients were higher than the control group, while testosterone levels were lower. The increased cortisol and decreased testosterone levels in male patients likely involves the hypothalamic-pituitary-gonadal (HPG) axis. ConclusionaaThese findings suggest that neurosteroid levels in patients with OCD should be investigated together with the HPA and HPG axes in future studies.
INTRODUCTION
Obsessive-compulsive disorder (OCD), a chronic psychiatric disorder characterised by unwanted repetitive thoughts and compulsive behaviours, is directly related to stress with the symptoms increasing under stressful conditions. 1 The cerebrospinal fluid (CSF) corticotropin-releasing hormone (CRH) levels and the hypothalamic-pituitary-adrenal (HPA) axis activity have been shown to increase in patients with OCD. 2 The lack of cortisol suppression on the dexamethasone suppression test (DST) is an indication of HPA axis abnormality in these patients, 3, 4 which may be explained by a possible insensitivity of the pituitary gland due to high CRH levels. 5 Additionally, patients with OCD have been shown to have differing levels of melatonin, 6 corticotropin, arginine vasopressin, 2 glutamate 7 and oxytocin. Neurosteroids are a group of steroid hormones that have direct effects on the brain. In addition to being synthesised in the brain itself, neurosteroids are also secreted by the adrenal cortex and gonads, which are parts of the HPA axis. [9] [10] [11] Of these neurosteroids, dehydroepiandrosterone sulphate (DHEA-S), and to a lesser extent dehydroepiandrosterone (DHEA), are potent noncompetitive antagonists 12, 13 of the gamma-amino butyric acid-A (GABA-A) receptors in the brain and have been shown to regulate compulsive behaviour and anxiogenic activity when injected into rodents. [13] [14] [15] Although progesterone, another neurosteroid, is anxiogenic, its metabolites (pregnanolone and allopregnanolone) show anxiolytic and hypnotic properties due to their GABA-A agonistic effects. 16 Testosterone is both a male sex hormone and a neurosteroid that has been reported to play a causal role in psychiatric diseases. [17] [18] [19] [20] [21] [22] Studies have reported changes in neurosteroid levels in pervasive anxiety disorders, posttraumatic stress disorder (PTSD), phobias, panic disorder and depression. [23] [24] [25] [26] [27] [28] [29] However, no previous studies have investigated neurosteroid levels in patients with stressrelated OCD and anxiety disorder.
Based on these findings, the aim of this study was to investigate neurosteroid levels in the anxiety disorder OCD. Taking into account the increase in levels of neurosteroids, such as DHEA and DHEA-S in anxiety disorders in previous studies,
ORIGINAL ARTICLE

Neurosteroid Levels in Patients with Obsessive-Compulsive Disorder
Lale Gonenir Erbay 1  and Sukru Kartalci in this study, we expected to find increased neurosteroid levels in patients with OCD. Evaluating these data is important as it can help in understanding the neurobiology of OCD, especially considering the current lack of adequate data in the literature.
METHODS
This study evaluated 30 patients with OCD between the ages of 18 and 49 years who presented at the İnönü University Faculty of Medicine Psychiatry Outpatients Department, along with 30 healthy volunteers as the control group. OCD diagnosis was made by a psychiatry resident and a psychiatrist following an interview using the Structured Clinical Interview for DSM-IV-TR/Clinical Version (SCID-1/CV). Major systemic disease, endocrine pathology, neurological disease, head trauma, alcohol/substance addiction, electroconvulsive therapy (ECT), additional psychiatric disorders other than OCD in the past or during the interview, mental retardation, pregnancy or breast-feeding and using oral contraceptives were exclusion criteria for the patient group. The patients were not receiving psychiatric medical treatment during the study. For females, blood samples were collected during the midluteal phase of the menstrual period.
The control group consisted of 30 age-and sex-matched healthy volunteers who had no previous or current psychiatric, neurological, systemic, or endocrine disease, drug use, or drug/alcohol addiction and who were not pregnant or nursing.
Disease severity was evaluated with the Yale-Brown Obsessive Compulsive scale.
Blood samples were taken between 09:00 and 10:00 in the morning, after 12 h of fasting and a 30-min rest. The samples were then centrifuged at 4,000 rpm and stored at -70°C.
The study protocol was approved by the İnönü University Medical Faculty Ethics Committee. The study was conducted in accordance with the principles of the "Helsinki Human Rights Agreement-2001 version" and "Good Clinical Practice. " Written consent was obtained from the participants.
Biochemical method
The blood samples were analysed at the İnönü University Faculty of Medicine's Department of Biochemistry laboratories. Progesterone, total testosterone, cortisol and DHEA-S were studied with a Siemens kit and an Immulite 2000 hormone analyser (Siemens Healthcare Diagnostics Products Ltd., Brighton, UK). Chemiluminescence was used as the immunoassay method. For DHEA-S, the conversion factor was µg/dL×0.02714→ µmol/L, calibration range 15-1.000 µg/dL (0.41-27 µmol/L) and analytical sensitivity 3 µg/dL (0.08 µmol/L); for progesterone, the conversion factor was ng/mL×3.18→nmol/L, calibration range 0.2-40 ng/mL (0.6-127 nmol/L) and analytical sensitivity 0.1 ng/mL (0.3 nmol/L); for cortisol, the conversion factor was µg/dL×27.59→µmol/L, calibration range 1-50 µg/dL (28-1.380 µmol/L) and analytical sensitivity 0.20 µg/dL (5,5 µmol/ L); for testosterone, the conversion factor was ng/mL×0.03467→ nmol/L, calibration range 20-1.600 ng/mL (0.7-55 nmol/L) and analytical sensitivity 15 ng/mL (0.5 nmol/L). Pregnanolone and DHEA were studied with a DRG kit (DRG Instruments GmbH, Marburg, Germany) and the Elisa method (Siemens Healthcare Diagnostics Products Ltd.).
Statistical method
The Shapiro-Wilk test was used to determine whether the distribution of the variables was normal. The demographic characteristics of the patient and control groups were compared with the independent samples t-test. The Yates corrected chi-square test was used to compare the groups by gender. The independent samples t-test was used to analyse neurosteroid levels in the patient and control groups without taking gender into account. The patients were then evaluated with the Pearson correlation coefficient to see the effect of disease duration and age. The independent samples t-test was used to evaluate within group neurosteroid levels for females and males. We compared four groups of subjects: female patients, healthy females, male patients and healthy males. For between-group differences, levels of DHEA-S showed a normal distribution and were evaluated with a one-way analysis of variance; the distributions of the other neurosteroids (DHEA, testosterone, progesterone, cortisol and pregnanolone) were not normal and were evaluated with the Kruskal-Wallis H test. When the univariate analysis was significant, multiple comparisons were performed with the Tukey test because the variances were homogeneous. The relationships between OCD severity and levels of DHEA, pregnanolone, progesterone and testosterone did not show a normal distribution and were examined with the Spearman correlation analysis. In contrast, the relationships between OCD severity and levels of DHEA-S and cortisol showed a normal distribution and were examined with Pearson' s correlation coefficient.
RESULTS
The sociodemographic characteristics of the groups
No significant differences were observed between the patient and control groups for sociodemographic characteristics ( Table 1 ). The mean age of females in the patient group (34.60± 11.37 years, n=20) and control group (34.05±9.87 years, n=20) did not differ (sig=0.871). For males, the mean age in the patient group (26.60±7.97 years, n=10) and control group (27.20± 6.66 years, n=10) also did not differ (sig=0.622).
The comparison of neurosteroid values between the groups
DHEA and cortisol levels were significantly higher in patients than in controls. No differences were observed for DHEA-S, pregnanolone, progesterone and testosterone levels ( Table 2 ). The groups were divided according to gender to account for the possible influence of gender on neurosteroid levels. In females, DHEA and cortisol levels were significantly higher in the patients relative to controls. Levels of DHEA-S, pregnanolone, progesterone and testosterone showed no difference between the female patients and control group. Cortisol levels in male patients were significantly higher than the male control group, while testosterone levels were significantly lower. No differences in DHEA, DHEA-S, pregnanolone and progesterone levels were observed between the male patient and control groups (Table 3) .
Correlation evaluation in the patient group
A positive correlation was present between DHEA and cortisol levels in the patient group (p=0.007). Severity of the disease was evaluated with the Yale-Brown obsessive-compulsive scale (Y-BOCS). The mean compulsion score of the patient group was 14.10±2.46, the mean obsession score was 14.53±2.31 and the total mean score was 28.30±5.09. In the patient group, no statistically significant relationship was found between the severity of the disease (Y-BOCS scores) and neurosteroid levels (DHEA: sig=0.535, DHEA-S: sig=0.136, pregnanolone: sig= 0.406, progesterone: sig=0.996, cortisol: sig=0.862, testosterone: sig=0.059).
No relationship was detected between the disease duration and age and the neurosteroid levels. When stratified by gender, a positive significant relationship was present between DHEA and cortisol levels and compulsion (Y-BOCS) scores in male patients (p=0.017, p=0.019, respectively); no significant relationship was found in female patients, which suggests that the compulsion scores increased in relation to the DHEA and cortisol levels in male patients.
DISCUSSION
To date, neurosteroid levels in subjects with OCD have been evaluated in one animal study and one case study. 14, 30 In the case study, DHEA and DHEA-S levels were investigated in a single patient. Our study is the first to investigate neurosteroid levels in a sample group of patients with OCD.
One of our main findings was a higher level of DHEA and cortisol in patients with OCD than the control group. This finding verifies that in a group of 30 patients, the results of the Bigos et al. 30 study concurred in only one patient with OCD. In previous studies, serum DHEA and cortisol levels have been found to be higher in patients with anxiety disorders such as panic disorder, 24 PTSD, 26,31,32 depression 28,33 and eating disorders. 34 Data have shown that the plasma concentrations of progesterone and DHEA were significantly higher in male patients with PD than in controls. 24 Spivak et al. 26 demonstrated that patients with PTSD had significantly higher levels of plasma DHEA and DHEA-S relative to controls. Although no relationship has been found between the severity of depression and serum DHEA levels in patients with major depression who did not use medication, a positive correlation was reported be- tween the degree of anxiety and serum DHEA levels. 35 The elevated DHEA levels found in the present study also support the relationship between DHEA and high levels of anxiety in patients with OCD. 36 ACTH regulates cortisol and DHEA secretion from the adrenal gland. Cortisol, a stress hormone, has previously been shown to be higher in patients with OCD due to adrenal gland function. 6, 37, 38 The elevated DHEA and cortisol levels in the patients with OCD in our study suggest that the increased DHEA originates from the adrenal gland.
Whether the increase in DHEA levels in patients is the cause or result of anxiety is not fully understood. DHEA is The mean difference is significant at the 0.05 level. 1: female patients, 2: male patients, 3: female controls, 4: male controls. DHEA: dehydroepiandrosterone, DHEA-S: dehydroepiandrosterone sulphate believed to have an antiglucocorticoid effect, 39, 40 and levels are thought to increase to reduce the destructive effect of cortisol 41 produced under stressful conditions. The increase in DHEA can therefore be interpreted as a compensatory mechanism developed to reduce anxiogenic activity. Therefore, the DHEA increase can be seen as a result of anxiety rather than a cause.
Additionally, serum DHEA levels are a reflection of the levels in the brain. 42, 43 DHEA in the brain has a two-way effect on GABA-A receptors. 12, 13 It causes positive allosteric modulation at low doses and negative allosteric modulation at high doses. Rats with low DHEA levels were reported to experience lower anxiety compared to the control group. 44 Thus, the increase in serum concentration of DHEA, which is a GABA receptor antagonist, may be considered to have a causal role in the pathophysiology of anxiety. GABA receptors as well as NMDA receptors have been reported to act as mediators for the causal role of DHEA on anxiety. 45 DHEA has been shown to block the anxiolytic effects of the NMDA receptor antagonist dizocilpine 46 and to be a positive modulator of the NMDA receptor. 47 The effects of these neurosteroids on the GABA and glutamate systems may affect the dopamine and serotonin systems and therefore influence OCD pathophysiology.
14 Neurosteroids are secreted by the brain and adrenal cortex and are also secreted by sexual organs such as the ovaries and testes, 9 which suggests the need to evaluate the neurosteroid levels separately for males and females. The DHEA and cortisol levels were significantly higher in female patients with OCD than the female control group. In males, however, cortisol levels were significantly higher in patients with OCD, but the levels of DHEA showed no difference. Although the reason for the increase in DHEA levels in females with OCD is unclear, a possible explanation may be the different physiological effects of androgenic neurosteroids between genders. 48 The sample size of male patients may also be a cause of this finding.
Progesterone is a primary progestin produced by ovarian corpus luteum. Although it is anxiogenic itself, its metabolites (allopregnanolone and pregnanolone) show anxiolytic and hypnotic properties due to their GABA-A agonistic effects. 16 It is known to play an important role in the development of premenstrual syndrome symptoms, 49 and low levels of pregnanelone have been reported in pervasive anxiety disorder and social phobia. 25, 27 The serum levels of pregnanolone and progesterone are also expected to be different in people with OCD. However, we found no significant difference regarding pregnanolone and progesterone levels between the patient and control groups in our study.
Another important finding of our study was the nonsignificant increase in testosterone levels in female patients and a significant decrease in male patients. The effects of testosterone, also a neurosteroid, on human behaviour have been known for many years. Studies investigating testosterone levels in psychiatric disorders have reported contradictory results. [18] [19] [20] 22, 48 The main source of testosterone is the testicles in males and the ovaries in females. A small amount of testosterone is secreted by the adrenal gland in both sexes. The increase in DHEA and cortisol, which are neurosteroids originating in the adrenal gland, accompanied by the increase in testosterone found in female patients with OCD, suggests that the source of the elevated testosterone is the adrenal gland. HPA axis hyperactivity has been reported to cause a decrease in the activity of the hypothalamic-pituitary-gonadal axis (HPG) during depression. Since 90% of testosterone in men is produced by the testicles, a decrease in production may occur in the testicles of males with OCD despite an increase from the adrenal gland. This would be similar to the case of depression, 50 in which testosterone from the testicles decreases due to the suppression of the HPG axis.
The lack of correlation between the neurosteroid levels and the Yale-Brown Obsessive-Compulsive Scale scores in this study undermines any relationship. However, a positive correlation between compulsion scores and DHEA and cortisol levels has been shown in male patients.
Although the results of this initial study indicate a partial role of neurosteroids in OCD, this relationship has not been fully elucidated. One of the main reasons for this was the low number of patients. Two constraints of this study were that multiple measurements were not performed that would reflect diurnal variations, and seasonal variations were not taken into account. Studies evaluating males and females separately and with a larger subject pool are required to clarify some aspects of the relationship between neurosteroids and OCD.
In conclusion, this study shows an increase in DHEA levels, probably from the HPA axis, in parallel with cortisol levels in people with OCD, especially females. Testosterone levels have been shown to decrease in males with OCD, possibly due to the HPG axis. Considering the effects of neurosteroids in the brain, investigating these findings is important to clarify the pathophysiology of anxiety disorder and OCD. In future studies, the investigation of neurosteroid levels in patients having OCD together with the HPA and HPG axes will shed light on the subject.
